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A method of fractionating human and rabbit serum proteins by use of a cationic detergent has been reported from this laboratory (1, 2) . In these studies it was shown that the concentration of the alpha globulins, total globulins, and of the total protein could be determined by cationic detergent analysis with results that compared favorably with determinations made by Tiselius electrophoresis (1) .
However, when this method was used to analyze the proteins i n rat serum it showed a marked discrepancy when compared to electrophoretically determined values. For example, the alpha 1 and 2 globulinsdt,. 1 ranged between 3.0 and 4.0 gin. per cent compared to concentrations of alpha 1 and 2 gI0bu-lins.lt~,r, x of between 0.7 to 1.2 gm. per cent, determined by electrophoretic methods. The total globulind**, concentration was between 4.0 to 5.0 gin. per cent. compared to electrophoretic determinations of 2.0 to 3.0 gm. per cent. The albuminot,, concentration was between 1.5 and 2.5 gm. per cent in contrast to electrophoretically determined concentrations of between 3.5 and 4.5 gm. per cent.
Various experimental procedures were considered which might contribute an explanation of these divergent findings. It seemed reasonable that separation of the major protein components of rat serum by zone electrophoresis, followed by subfractionation with a cationic detergent, might clarify the reaction of each component with this reagent. With this sequential analysis, a number of interesting results were obtained. It was found that the electro, phoretically determined albumin fraction contained two distinct proteins.
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I Hereafter the protein fractions will be designated as follows: Proteln.le~r~ to signify electropboretic identification and Proteind~. to signify values obtained by cationic detergent analysis. 341
These two proteins were present in about equal concentration. One component was albumin while the other had characteristics of a globulin. This report describes a number of experiments which define some of the properties of this unusual globulin. These studies also suggest that a combined analysis of serum by starch electrophoresis and subfractionation with cationic detergent can extend information about the electrophoretic patterns of sera beyond the limitations of electrophoresis.
Method
Rat sera were fractionated by means of starch block electrophoresis. The separated proteins were eluted from the starch and a subfractionation of each eluate was carried out by the cationic detergent method.
The blood used in these studies was collected by arterial puncture of the abdominal aortas of ether-anesthetized, white male rats weighing between 300 and 400 gin. The serum was removed after clotting and stored at 4°C. Electrophoretic separations of these sera were made within 48 hours of the time of blood collection.
Electrophoretic separation on starch was made by Kunkel's method (3). Powdered potato starch was washed in several volumes of distilled water. 0.1 molar barbital buffer of pH 8.6 and ionic strength 0.1 was added to the starch paste and thoroughly mixed. Mter the starch had settled, the supernatant buffer was decanted. The starch was stirred into a thick paste and poured into a wax paper-lined mold under which was placed a glass supporting plate measuring 30 X 10 cm. When the starch had settled in the mold, the excess buffer was removed by blotting paper until the starch formed a solid block. A vertical section of starch, 1 cm. wide, was removed from the block, 6 to 8 cm. from the center of the block. This starch was mixed into a solution containing 1.5 ml. of barbital buffer (pH 8.6) and 1.5 ml. of the serum to be tested. The mixture was poured back into the excavated portion of the block. Porous cellulose wicks, dampened in the barbital buffer, were placed at each end of the starch block. The waxed paper was folded over the starch and secured by placing a glass plate over the block. This preparation was placed into an electrophoretic chamber. A pressure of 5 kg. was evenly distributed over the top glass plate. After equillbratiort of the buffer for 30 minutes, a potential of 450 volts, which corresponded to a current of 18 to 25 milliamperes, was applied for 20 hours. Temperature was maintained at 4°C.
On completion of electrophoresis the block was removed from the chamber. One centimeter wide, vertically sectioned slices of the starch were cut and placed into medium porosity, sintered glass filter funnels. 5 ml. of 0.08 molar sodium chloride solution was pipetted over each starch section and the filtrate collected in a test tube. On completion of filtration, 2 ml. of 0.08 molar sodium chloride was added to each funnd and the filtrate collected in the same test tube. Each tube was identified by the distance in centimeters of the starch slice from the point of application of the serum on the starch block.
The total protein contained in the eluate from each section was determined by the cationic detergent method (1). On several occasions it was also determined by tyrosine method with identical results. In the detergent analysis, aliquots of 0.i ml. from each tube were placed on colorimeter tubes. 9.5 ml. of a 0.4 ~ sodium chloride--0.05 ~ sodium hydroxide solution was added to each tube and 0.4 ml. of 1.0 per cent Octadecyl dimethyl benzyl ammonium chloride 2 (octab) was added and thoroughly mixed by inversion of the tube several times. The turbidity Cetyl dimethyl benzyl ammonium chloride (cetol), technical grade, has similar protein precipitating effects as Octab. This compound is available from Fine Organics Incorporated, New York. developing after 15 minutes was determined in a photovolt colorimeter with a filter of 450 wave length. The total protein concentration was calculated by interpolation from a standard curve based on Kjeldahl analysis of whole serum. Transmittance readings ranging from 45 to 90 per cent transmission were used. If the transmittance was greater, the determination was repeated with a 0.2 ml. of eluate; if less, a part of the eluate was diluted in 0.08 molar sodium chloride until the protein concentration fell within the desired limits. Suitable correction for dilution was made for the determination of the total protein concentration.
The alpha globulinsatg, were determined by placing 1.0 ml. aliquots of eluate in colorimeter tubes and by adding 8.0 ml. of collidine buffer of pH 6.65. 1.0 ml. of one-tenth per cent octab was added and mixed with the buffer and protein solution. Fifteen minutes later the optical density was determined as above. The concentration of the alpha globulindt~, was calculated from the standard curve made with fraction IV-l, obtained from human plasma by Cohn fractionation. 3 In this determination, dilutions of the eluate were made if the density exceeded 50 per cent and suitable correction was then made in the final calculation.
The total globulinatg, concentration in the starch eluates was determined by adding 0.4 ml. of 1.0 per cent octab to a mixture of 1.0 ml. of eluate and 8.6 ml. of glycine buffer of pH 9.5. Again, transmittance readings of less than 45 per cent were avoided by a suitable decrease in the amount of eluate used in the test. The concentration of the total globulinat~, was determined from a standard curve made with human fraction II? EXPERIMENTAL 
RESULTS
The types of patterns obtained from combined electrophoretic and cationic detergent analyses are shown in Fig. 1 and 2 . In Fig. 1 it will be noted that the serum was separated into four peaks by electrophoresis at pH 8.6. An albuminol~t~, peak migrated 6 cm. from the point of origin. An alpha globulin~oo~, appeared at plus 2 cm., a beta,~eetr, peak at minus 2 cm. and a gamma, l~t,. peak at minus 6 cm. from the point of application of the serum. Fig. 2 summarizes an analysis in which a greater separation of the rat serum protein components resulted. In this case the albuminous, ft. peak presented an asymmetrical boundary. The leading edge migrated 15 cm. from the point of application of the serum on the starch block. A shoulder of this boundary appeared at 12 cm. The less rapidly migrating components were identified as alpha 1 globulin, lo~t~, which had moved 7.5 cm., alpha 2 globulin, l~t,. at 5 cm., beta globulinol~t,, at 0 cm., and gamma globulin, lo~tr, at minus 5.5 cm. from the point of origin.
Cationic detergent subfractionation of each eluate was made at pH 6.65--a level at which alpha globulins precipitate with cationic detergent. The results of this fractionation are shown as a heavy, stippled shading within the complete electrophoretic boundary. It will be observed in Fig. 1 that a large symmetrical peak, corresponding to a component precipitable by cationic detergent at a low pH, occurred within the albumir~l~t~, peak. In represents the total protein concentration obtained by analysis of eluted protein from the 1.0 cm. wide sections removed from the starch block. Each of these eluates was then subfractionated with cationic detergent. The dense hatching shows the distribution of proteins reacting with cationic detergent at pH 6.65; the diagonal hatching those that reacted at pH 9.6, and the dear area the proteins that reacted at pH 12.0. Observe the large peak of "alpha globulin" contained within the albumin boundary. Fig. 1 . In this experiment, the serum fractions were more completely separated by electrophoresis. This figure shows an asymmetrical "albumin" boundary which consists of albumin and a "fast alpha" globulin.
component of the asymmetrical albumin~1**tr, peak. These data indicate that a large proportion of the albumir~l~, consists of a component which has a strikingly different reaction with detergent than albumindt,. This fraction also has a more rapid electrophoretic mobility than albumin. It is hereafter designated as a fast alphad,g, fraction.
Small amounts of the alpha globulina,g, were found within the boundaries of the beta,]~, and gamma, l~,r. peaks ( Fig. 1 and 2 ). In some respects this distribution is comparable to the "trailing" Comparison of the reaction of alpha 1 globulin with the "fast alpha" globulin with cationic detergent at pH 6.65. These fractions obtained by starch electrophoresis, were assayed for total protein concentration by Kjeldahl analysis. A concentration curve obtained by reaction with cationic detergent at pH 6.65 was made for each fraction. Observe that the "fast alpha" globulin forms greater turbidity per milligram of protein than the alpha 1 globulin. Similar curves made at pH 9.6 and 12.0, showed no differences between these two proteins. in paper electrophoresis. On the other hand, the presence of symmetrical peaks of proteins reacting at pH 6.65 within the boundaries of the beta~l~, and gamma~l~,,, peaks suggests that these globulins may not be homogeneous molecular species. This method of subfractionation with cationic detergent appears to identify other protein components within the beta and gamma peaks.
It will be observed in Fig. 2 that the concentration of the fast alphaat,. globulin exceeded the concentration of the total proteina~,. It will be recalled that the standard curve for estimation of the alpha globulinat,, concentration is based on the reaction of cationic detergent with Cohn's fraction IV-I, obtained from human plasma. In order to investigate the quantitative differences between the fast alphadtg, fraction and the total proteinat,, concentra-tion, an analysis was made as follows: The protein concentrations in the eluates of the alpha leith, fraction and the fast alpha,~t¢, fraction were determined by Kjeldahl analysis. The precipitation curves obtained with cationic detergent at pH 6.65 were calculated for each of these fractions. These results are shown in Fig. 3 . It is apparent that the fast alphaat,, component reacted with detergent to produce greater turbidity per milligram of protein than did the same concentration of alpha lel~tr, globulin. The precipitation curves for each of these fractions obtained with cationic detergent at pH 9.5 and 12.0 were identical. These data explain why the values obtained for the fast alphaa~, exceeded those for the total proteinatg, concentration in the same sample. Table I presents data obtained by electrophoretic separation of sera obtained from 13 adult, male, white rats. The per cent of each fraction, related to the total protein concentration is shown. These results are in agreement with other reports of electrophoretic analysis (4-10). It will be noted that little variation of the concentration of the different fractions was found from rat to rat. The albumin concentration was 69.2 4-4.5 per cent, the alpha globulins 8.6 ± 1.6 per cent, the beta globulins 7.25 -4-2.5 per cent and the gamma globulins 14.5 -4-4.2 per cent of the total protein concentration. Table II shows data obtained from the same rats in which the results obtained by subfractionation with cationic detergent are shown. It will be observed that the average total globulindt~, concentration was 68.0 4-10.6 per cent and that the alpha globulinatg, concentration was 60.7 4-10.6 per cent of the total protein concentration of the serum sample. The beta gammadtg, concentration of 7;25 4-2.5 per cent, was derived by calculation of the differences between the total globulindtg, and the alpha globulinat,, concentrations.
TABLE II

Composition of Protein Fractions Identified in Rat Serum after Starch Block Electrophoresis and Subsequent Subfraaionation of Eluates with Cationic Detergent
The alpha globulin fraction is shown as a summation of all proteins within the entire electrophoretic boundary which reacted with cationic detergent at pH 6.65. The total globulin is shown as a corresponding summation of all proteins reacting with cationic detergent at pH 9.5. The "fast alpha" globulin column represents the concentration of protein within the albumin electrophoretic boundary which reacted with detergent at pH 6.65. The corrected "fast alpha" globulin represents a recalculated value, based on the "fast alpha" concentration curve shown in Fig. 3 In column 3 of this table the concentration of the total alpha globulind~. is shown before correction for the error in the determination of the fast alphaa~, fraction (Fig. 3) . The use of the revised concentration curve for the fast alphaa~, fraction gives corrected values for the fast alphad~, fraction, shown in column 5 of Table II. The error introduced by the fast alphadtg. fraction can be determined by subtraction of the respective determinations in column 4 from column 5. A comparison of this error with either the total globulina~, or the total alpha globutind~, concentrations reveals that a constant relationship exists. As shown in Fig. 4 , the error introduced by the fast alphad~. fraction varies directly with either the total globulina~, or the total alpha globulina~, concentrations. An accurate determination of the fast alphaatg. fraction can be made only when this protein is separated by electrophoresis. However, a reasonable correction for this error can be estimated, at least in normal rat serum, by application of the data shown in Fig. 4 .
Column 6 of Table II represents the concentrations obtained for the total alpha globulinat~, fraction, exclusive of the fast alphas, protein concentration. It will be observed that these components had an average concentration of 15.1 4-2.0 per cent and that little variation was observed in the thirteen normal rats. Relationship of the error introduced by the "fast alpha" fraction to the total globulin and total alpha globulin concentration. The per cent error in the determination of the "fast alpha" is plotted against the per cent concentration of either total globulin or total alpha globulin concentration. This error is shown to be consistent and directly related to concentration or either total alpha globulin or total globulin.
Electropkoresis at pH 4.25.--An electrophoretic separation of two aliquots of serum obtained from the same rat was made in a barbital buffer of pH 8.6 and in an acetate buffer of pH 4.25 and 0.1 ionic strength. The results of this experiment are shown in Fig. 5 . A double albumir~,~t,, peak was present after electrophoresis in the barbital buffer. The most rapidly migrating component consisted of the fast alpha, itg. fraction.
When electrophoresis was made at pH 4.25 the over-all configuration of the electrophoretie pattern had little resemblance to that obtained after electrophoresis in the barbital buffer. An interpretation of the pH 4.25 electrophoretic pattern without detergent analysis, might lead one to the conclusion that the most rapidly migrating component is albumin and that the globulin components are present as a confluent peak due to inadequate separation.
When this pattern was investigated by means of subfractionation with cationic detergent quite another explanation became apparent. The most rapidly migrating fraction was identified as the fast alphaa~, fraction. Albuminat~. failed to migrate at pH 4.25 and became widely separated from the fast alphadt,, fraction. The slowest component appeared to be gamma globulindt,. Other beta-gamma~,g, components were found within the albumindtg peak. The alpha globulinsa,,, were condensed into a more homogeneous group in contrast to the spreading observed after electrophoresis at pH 8.6.
Subfractionation after Electrophoresis of Cohn fractions.--The proteins of rat
sera were fractionated by means of a modified cold-alcohol precipitation technique described by Ketz and Mehl (11) . Pooled sera obtained from adult white rats were fractionated within 24 hours after collection. The various precipitates obtained were dissolved in a barbital buffer of pH 8.6 and dialyzed overnight in this buffer solution. An electrophoretic separation by the starch block method was made of each alcohol-precipitated fraction. Finally, a sub- Fraction IV was found to consist of a protein which was nearly homogeneous on electrophoresis and which reacted with cationic detergent at pH 6.65. This fraction appeared to be the fast alphadt,, component which was originally closely associated with albumin~tr, after electrophoresis at pH 8.6. Fraction V consisted of an electrophoretically homogeneous peak which reacted with cationic detergent as albumin. A small peak of beta-gamma globulindt~, was also present in this fraction. The albumin peak in fraction V no longer contained any protein which reacted with cationic detergent at pH 6.65 or 9.6. Fraction II-III was a mixture of alpha globulinsa~, andbeta gamma globulinsd~.
A number of fractionations of rat serum, employing the modified Cohn procedure were made. Complete separation of the fast alphadtg, component and albumin was not always accomplished. In some instances, fraction V was contaminated with the fast alphaa~, protein. In these experiments it was observed that dialysis of fraction V in distilled water resulted in formation of a flocculent precipitate. This precipitate was removed by centrifugation and redissolved in barbital buffer of pH 8.6. It was then examined by starch electrophoresis at pH 8.6 and subsequent subfractionation with cationic detergent• The supernatant solution of fraction V (after dialysis) was investigated in the same manner. Fro. 6. Results of a modified cold-alcohol fractionaUon of rat serum. The eiectrophoretic pattern at pH 8.6 is shown for the whole serum and the individual fractions obtained by cold-alcohol precipitation. Each of these samples was subfractionated after electrophoresis by a cationic detergent. Identification of these fractions is the same as is shown in Fig. 1 . Fraction II-III contains a mixture of alpha globulin and beta-gamma proteins. Fraction V contains a symmetrical peak of albumin and a small amount of beta-gamma globulin. Fraction IV contains the "fast alpha" globulin and small amounts of other alpha globulins.
The water-soluble fraction was found to contain a symmetrical albumin~l~. peak. However, a small amount of alpha globulindt~, was present within this peak. The water-insoluble portion of fraction V contained alpha globulinats. Meticulous control of temperature and care to avoid leaving the protein solutions too long in contact with the alcohol and salt solutions employed in the fractionation were necessary to accomplish definitive separation of the albumin~l~, and the fast alphaatg, fractions.
DISCUSSION
Most reports concerning electrophoretic studies of rat describe symmetrical albumin peaks. Numerous investigators have considered that this peak was homogeneous (6--9) . Two groups of investigators, however, have demonstrated that an asymmetrical albumin electrophoretic boundary can be obtained in rat serum. Hoch-Ligetti el al, (12) studied sera of adult male, black-hooded rats by means of electrophoresis in a phosphate buffer of pH 8.0 and 0.1 ionic strength. Under these conditions, they found a double albumin peak in nearly all normal rats. In the sera of rats which developed hepatic tumors after administration of p-diethylaminoazobenzene this asymmetrical albumin peak diminished or disappeared. Moore el aL (13) noted the appearance of a shoulder in the albumin boundaries of rat sera after prolonged electrophoresis in phosphate buffer at pH 7.4. These investigators fractionated rat sera with 21 per cent sodium sulfite reagent. By such a procedure they observed a persistent "albumin" fraction in the globulin precipitates. They presumed that they were dealing with an albumin component which had unusual precipitation characteristics. Our studies indicate that one of the asymmetrical albumin peaks described by Hoch-Ligetti et ol. (12) and Moore et aL (13) and thought by them to be due to an unusual albumin, is probably an unusual globulin.
Identification of this protein has been possible by use of a combined technique of starch electrophoresis and subfracfionation of the starch eluates with cationic detergent. By such methods a large amount of a protein which has precipitation characteristics of an alpha globulin is found. This component is closely associated with the albumin fraction after electrophoresis at pH 8.6. Since albumin precipitates with cationic detergent only at a pH greater than 10, the protein which is similar electrophoretically can be dearly differentiated from albumin because it precipitates at pH 6.65 with detergent.
A complete dissociation of albumin and the fast alpha fraction resulted after electrophoresis in acetate buffer of pH 4.25. Albumin had little electrophoretic mobility at this low pH. The fast alpha fraction existed as a large peak which had a rapid mobility and which became widely separated from the albumin peak. Inspection of the electrophoretic pattern, developed at pH 4.25, does not permit a differentiation of these two peaks. One would have presumed that the rapidly migrating protein was albumin. It was only after subfractionation with cationic detergent that one could differentiate the two major peaks and establish the migration characteristics of albumin and the fast alpha fraction.
The use of alcohol precipitation provided further evidence of dissimilarity between albumin and the fast alpha fraction. The fast alpha globulin and albumin can be fractionated as nearly homogeneous proteins and are found in fractions IV and V respectively.
Human and rabbit sera have been studied by this technique of combined electrophoretic and cationic detergent analysis (14). We have never observed any alpha globulinat,, components within the albumin peak of either species. Recently, Earle et al. (15) reported observations made on human sera in which a genetically determined double albumin peak was found after electrophoresis at pH 8.6. Such sera, generously provided by Dr. Earle, have been investigated by starch electrophoresis at pH 8.6 and subsequent sub-fractionation with cationic detergent reagent. A double albumin peak was observed, but each of these peaks precipitated as albumin with cationic detergent.
The small, symmetrical peaks of protein which are contained within the betaol~u, and gamma~l~tr, boundaries but which react with cationic detergent at pH 6.65, are difficult to interpret. It is notable that the summation of these components with the alpha 1 globulins forms a fraction which remains quantitatively constant from rat to rat. SUMMARY A protein of unusual characteristics has been identified in normal rat sera by electrophoretic separation at pH 8.6, followed by precipitation of each fraction with a cationic detergent. This protein, which is closely identified with albumin after electrophoresis at pH 8.6, precipitates with cationic detergent at a low pH in contrast to albumin which precipitates with detergent only at a high pH. This protein has characteristics of a globulin and is designated as a "fast alpha fraction."
This fraction and albumin are present in about equal amounts in sera of normal rats. A separation of the fast alpha fraction can be made by electrophoresis in an acetate buffer of pH 4.25 and by precipitation according to a modified Cohn, cold-alcohol technique.
A protein of similar characteristics has not been found in either human or rabbit sera studied by the same method of electrophoresis and subsequent sub-fractionation with cationic detergent.
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